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AbstractThe synthesis of composite materials based on bacterial cellulose with fly ash (FA) has been carried out based on the mass ratiobetween bacterial cellulose and fly ash, namely 0.005:4.995; 0.01:4.99; 0.015:4.985, and 0.02:4.98. Bacterial cellulose was obtainedfrom the fermentation of coconut water and fly ash was treated after being obtained from the Steam Power Plant (PLTU) of BengkuluElectric Power Plant Pulau Baai. The characterization of the composite material that had been formed was analyzed using FourierTransform Infrared Spectroscopy (FTIR), X-ray diffraction (XRD), Raman Spectroscopy, and Scanning Electron Microscope (SEM),the results can be validated that the bacterial cellulose composite has been formed with fly ash. The FTIR results also supportthe XRD results that have been obtained, Raman spectroscopy shows a Raman shift at 1352 cm-1 as an indication of the bendingof C C H, CH2, and C OH the highest conductivity was obtained in the variation of 0.02:4.98 which is 2.45×10-3 S/cm. Themethanol permeability test obtained was higher along with the addition of fly ash to bacterial cellulose occurred in the compositematerial variation of 0.02:4.98, which is 3.66×10-9 mol/cm.s. The highest water absorption occurred in the composite materialvariation of 0.01:4.98 reaching 718% and the results of SEMmicrographs with a magnification of 10000× produced a morphologyin the form of fibers with fly ash components interwoven by bacterial cellulose fibers.
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1. INTRODUCTION

Research that has tried to develop the utilization of natural
biological sources is the manufacture of cellulose from coconut
water known as bacterial cellulose, by utilizing the activity of
Acetobacter xylinum bacteria (Iguchi et al., 2000; Thomas, 2008;
Muhammad et al., 2014; Tahara et al., 1997). Other research
related to its utilization as a material has been done by studying
its performance as a dialysis membrane in a dilute solution
system (Shibazaki et al., 1993) . Then other reports have tried
to study the physical and mechanical properties of thin layers
of biocellulose (Moon et al., 2006; Nishi et al., 1990). It has
been realized that natural biological materials that can be uti-
lized for the manufacture of cellulose-based materials are quite
available in our country, including bacterial cellulose made
from coconut water known as nata de coco which can be made
as a cellulose membrane material. Where the cellulose pro-
duced is chemically pure, free from lignin, has a high degree of
crystallinity and degree of polymerization. Several researchers

have studied its structure, physical properties and mechanical
properties (Fontana et al., 1990; Henrik et al., 2006; Moon
et al., 2015; Sulaeva et al., 2015).

Bacterial cellulose as a continuous phase for composite
materials has been widely reported, ranging from modeling
through computation (Rahmawati et al., 2018) to synthesis
in the laboratory (Radiman and Rifathin, 2013; Aritonang
et al., 2015; Aritonang et al., 2017). From previous studies
it is known that phosphorylation of nata de coco as bacterial
cellulose, obtained proton conductivity of 1.2×10-2 S/cm and
a methanol permeability of 2.3×10-6 mol/cm.s (Radiman and
Rifathin, 2013) . These two parameters are important refer-
ences in the development and utilization of bacterial cellulose
as a continuous phase for composite materials, especially for
Polymer Electrolyte Membrane Applications, moreover this
reason is supported by previous studies related to the good
physical and mechanical properties of bacterial cellulose. The
properties and advantages of this bacterial cellulose as a biolog-
ically produced cellulose are shown from the resulting proton
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conductivity of the order of minus 2.
The government’s reliance on coal as its main source of

energy for the production of power will undoubtedly lead to a
number of environmental and health issues. One of them is
caused by the existence of coal ash waste, often referred to as
fly ash and bottom ash, which is classified as hazardous & toxic
waste and is produced when coal is burned at PLTU. Govern-
ment Regulation Number 101 of 2014 states that it comprises
a hazardous & toxic waste component from a business’s waste
products, which needs to be processed and managed with extra
care (Prayoga and Afla, 2023) .

Indonesia is one of the largest coal producing countries in
the world, where most of the coal is used as an energy source,
namely as an energy source in Steam Power Plants. The con-
struction of PLTU with a capacity of 35000 MW or 35 GW
inside and outside Java Island is estimated to cause significant
environmental damage if the remaining work produced is not
used effectively, regarding environmental damage, it has been
previously reported (Gopinathan et al., 2022) . The waste dis-
posed of from PLTU activities is in the form of coal ash in the
form of fly ash and bottom ash.

The production of fly ash (FA) and bottom ash ranges
from 6.15-8.5 million tons/year from coal use of 85 million
tons/year in several countries in the world (Norhaiza et al.,
2019) . The fly ash produced contributes 80% and bottom ash
contributes 20% of the remaining coal consumption. Steam
Power Plant of Bengkulu Electric Power Plant Pulau Baai was
established in February 2020 and is located in Teluk Sepang,
Bengkulu City. The operational trial of the steam-powered
power plant on October 7, 2021, which uses coal as fuel. In
the process of combustion one million tons of coal per year at
the Bengkulu PLTU, 200-250 tons of FA waste products are
produced every day. Fly ash is a pozzolan containing alumina
and silica that can be used as a substitute for cement with the
addition of water (Joel, 2020) . FA management is still limited
to accumulation on unused land. Fly ash is a by-product of
management produced from coal combustion. FA manage-
ment is still limited to accumulation on unused land. Basically,
fly ash has been used for a variety of products, including; the
production of building materials such as cement, bricks, ce-
ramics and paving, the production of concrete (Dheeresh et al.,
2022) . The FA is used to remove hazardous contaminants,
organic and inorganic chemicals, and dyes from wastewater.
Furthermore, research has revealed that FA has promising and
beneficial potential applications in the construction industry,
especially in the production of cement and concrete. FA has
been added to cement in a reduced nano size form, thus provid-
ing good durability and minimizing the pore size of concrete
to withstand adverse environments (Seham and Marei, 2021) .
Other previous studies, which examined the effect of adding
fly ash (FA) as a partial cement substitute on the mechanical
properties and characteristics of high-quality mortar, especially
engineered cement mortar, have also been reported. The re-
sults of this study suggest that the use of FA waste as a substitute
for cement provides an effective solution in managing industrial

waste from FA, and Portland cement (Siregar et al., 2024) .
Composites are alternative metal materials with several

advantages such as lightweight, corrosion-resistant, and inex-
pensive materials and resistance to thermal conditions. Com-
posites play an important role in the manufacturing industry.
In this case, FA can be used as a carbon additive in carbon-
based composites such as iron and steel. FA can also be used
as a filler to improve the mechanical and thermal properties of
composites (Kumar et al., 2018; Satapathy et al., 2012). Based
on the abundance of FA and the research report above, it is
necessary to process and research the FA waste produced into
composite materials in order to reduce the amount of FA waste
accumulation. In this report, a composite material based on
bacterial cellulose and FA has been made. It is hoped that this
composite material based on bacterial cellulose and fly ash can
be tested for membranes in fuel cells.

2. EXPERIMENTAL SECTION

2.1 Materials
The materials used in this study were fly ash from the Steam
Power Plant (PLTU) of Bengkulu Electric Power Plant Pu-
lau Baai, coconut water obtained from traditional markets in
Bengkulu city, distilled water, Acetobacter xylinum, ammonium
sulfate (from Merck), glacial acetic acid (from Merck), sodium
hydroxide (from Merck), and market granulated sugar.

2.2 Methods
2.2.1 Fly Ash Preparation
Fly ash preparation followed the modified Visa (2016) proce-
dure. The fly ash obtained was washed using distilled water,
then the sample was dried in direct sunlight using a container.
After that, the sample was put into an oven at a temperature
of 100◦C for 3 hours until dry. The dried FA was ground
with a mortar and pestle to form a finer powder. Then filtered
through a 45 sieve. A total of 50 grams of fly ash powder was
dissolved in 250 mL of 4 N HCl solution at a temperature of
70◦C for 3 hours and stirred. NaOH solution was added to
pH 7 at a temperature of 70◦C until a gel was formed. The
gel produced from the heating was centrifuged to separate the
remaining solids and liquids, then reheated at a temperature of
70◦C until dry and smoothed using a blender.

2.2.2 Preparation and Purification of Bacterial Cellulose
Preparation of bacterial cellulose was carried out by referring to
the modified steps of Radiman and Yuliani (2008) , by preparing
three liters of coconut water that had previously been filtered
and boiled. After boiling, the sample was added with 300
grams of fine sugar and 15 grams of ammonium sulfate, then
transferred into a plastic container measuring 27 cm × 21 cm
× 3.5 cm while hot and covered with newspaper. When the
mixture is almost cold, open the cover and add 30 mL of glacial
acetic acid. Close the plastic container again until the mixture
is cold. After it has completely cooled, the cover is opened and
10% Acetobacter xylinum are added, then closed again to ferment
for 10 days. The fermented bacterial cellulose was soaked
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Figure 1. Scheme for Synthesis and Characterization of Composite Materials

in water for 24 hours using a beaker. Then soak it again in
distilled water at a temperature of 80-90◦C for 2 hours. Then
soak it again in 2% NaOH at a temperature of 80-90◦C for 2
hours. The last soaking used distilled water at a temperature of
80-90◦C for 2 hours.

2.2.3 Synthesis of Composite Materials
The synthesis of composite materials refers to the method used
by Gunday et al. (2021) which was modified. Bacterial cellulose
was blended into a pulp and then filtered. The composite
membrane was molded with a mass of 5 grams. Fly ash powder
was then weighed with variations in content of the total mass
used, then bacterial cellulose was added with a predetermined
ratio. The mass ratio of fly ash powder to bacterial cellulose:
respectively namely 0.005:4.995; 0.01:4.99; 0.015:4.985 and
0.02:4.98. The mixture was then stirred using a magnetic

stirrer until homogeneous and then molded into a 5×5 cm
diameter petri dish. After that, it was heated using a hot plate at
a temperature of 30◦C until a composite material in the form
of a thin film was formed, released from the petri dish.

The composite material was then analyzed using Fourier
Transform Infrared Spectroscopy (Bruker Alpha-P, Wismar,
Germany in attenuated total reflectance (ATR) in range of
4000-400 cm-1), X-ray diffraction (Rigaku DMAX2200, Japan)
with Cu Ka (𝜆=1.5406 Å) radiation over the range 2𝜃 between
0◦ and 70◦, Raman Spectroscopy (Micro Confocal Hyperspec-
tral 3D Imaging), Scanning Electron Microscope (JEOL JSM
6510 LA), The permeability of methanol was measured us-
ing a homemade test cell. The cell was filled with methanol.
Methanol vapor in equilibrium with the liquid diffused along
the concentration gradient through the membrane, which was
clamped between the mouth of the beaker and its lid. The
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Figure 2. Characteristics of (a) FTIR Spectroscopy, (b) XRD, (c) Raman Spectroscopy and (d) Surface Micro-Profile of Bacterial
Cellulose

weight loss was recorded as a function of time and the data were
used for the calculation of permeability (Sen et al., 2008) . De-
termination of water absorption capacity is determined gravi-
metrically and the conductivity of composite materials is mea-
sured using IM 3590 Chemical Impedancy Analyzer HIOKI.
The research flow that has been carried out is shown in Figure
1.

3. RESULTS AND DISCUSSION

3.1 Fly Ash Preparation
The fly ash that has been obtained is then heated using an oven
for 3 hours at a temperature of 100◦C to remove the water
content, then the dried FA is then filtered using a 45 mesh
sieve. The obtained FA was mixed with 4 N HCl to remove
unnecessary impurities. Then, NaOH was added to this mix-
ture until a gel was formed. The gel formed was separated
using centrifugation, so that the filtrate and residue were sep-
arated. Then, the centrifuged residue was taken and dried at
a temperature of 70◦C. With alkaline treatment, there will be
an increase in Na in FA, then the following reaction occurs:
NaOH + FA Naa(AlO2) b (SiO2) c .NaOH.H2O OH– ions in

basic solutions play a role in the dissolution stage of Si4+ and
Al3+ from FA. The basic environment also forms active sites
≡SiO− and ≡AlO (Visa, 2016) .

3.2 Preparation and Purification of Bacterial Cellulose
The filtered coconut water is then boiled and added with gran-
ulated sugar and ammonium sulfate, then covered using news-
paper. This is useful to avoid contamination from dust and
other dirt. Then, after it has cooled slightly, glacial acetic acid
is added to the coconut water. Then, when the coconut wa-
ter mixture has cooled, Acetobacter xylinum bacteria are added
and covered for 10 days. The use of coconut water in the
production of bacterial cellulose is because coconut water can
be converted into nata de coco by Acetobacter xylinum bacteria.
The obtained bacterial cellulose was then soaked using NaOH
for 2 hours. Soaking using NaOH solution can increase the
purity of the cellulose produced, so that the bonds between
cellulose chains become stronger due to the hydrogen bonds
between chains, causing the bacterial cellulose structure to be-
come thinner so that it becomes somewhat dense. The results
of characterization of X-ray diffraction, Fourier Transform In-
frared Spectroscopy, Raman Spectroscopy and surface micro
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profiles of bacterial cellulose are shown in Figure 2.

Figure 3. FTIR Spectra of Composite Materials

Figure 4. Diffractogram of Composite Materials

Characteristics of bacterial cellulose using FTIR in Figure
2(a) shows the spectrum of wave numbers at 3348 cm-1 which
is the O H functional group, 2895 cm-1 is the alkane group
C H, 1642 cm-1 and 1027 cm-1 are C O groups, 1330 cm-1

and 1167 cm-1 are C O groups. The results of determining
these functional groups are based on previous studies (Radi-
man and Rifathin, 2013) .The results of the characterization
of bacterial cellulose using XRD in Figure 2(b) produce 2𝜃
diffractograms at 14.42◦, 16.64◦, 22.72◦, 32.31◦, and 46.49◦.
The results of these 2𝜃 indicate the diffractogram of bacterial
cellulose, this characterization is also similar compared to pre-
vious studies shown in Figure 2 (Mutiara et al., 2022) . From
Raman characterization bacterial cellulose in Figure 2(c) shows

Raman shift at 1095 cm-1 and 1123 cm-1 that corresponds
to C C and C O stretching, and COC glycosidic asymmet-
ric stretching, and area 1331 cm-1 was attributed to C C H,
C O H, and O C H bending, 1597 cm-1 indicating C O,
1603 cm-1 indicating ring stretching vibration, symmetrical
vibration, 2868 cm-1 indicating stretching vibration of symmet-
ric and asymmetric CH2 (Refaat et al., 2023) . An important

Figure 5. Raman Spectrum of Composite Materials

distinction between the Raman and IR spectra is the strength of
the O H stretching vibration in the 3200-3600 cm-1 region,
which is quite weak in the Raman spectrum. This is due to the
fact that there is a significant shift in the O H vibration’s dipole
moment but a negligible change in polarizability. Because of
the intricacy of the hydrogen bonding network in the crystal
and the water molecules present in the amorphous area, the
O H stretching band is naturally broad. The C-H stretching
vibration is responsible for the strong band that was detected in
both Raman and IR spectra about 2900 cm-1. The reasons be-
hind the shoulder peaks located at the lower (2840-2880 cm-1)
and upper (2920-2970 cm-1) energy sides of the C H peak.
The symmetric and asymmetric CH2 stretching vibrations of
the hydroxymethyl groups in cellulose are responsible for the
energy sides of the C H peak, respectively. The deformation
vibration of the CH2 group on C6, sometimes referred to as
the scissoring mode, is observed in the 1450-1480 cm-1 range.
CH2 shaking and swaying, C O H bending, and C C H
bending are the causes of the bands between 11200 and 1450
cm-1. Glycosidic and alcohol C O bond stretching modes, as
well as backbone ring stretching, are seen in the range of 950
to 1150 cm-1. Bending of the backbone bonds of C C C,
C O C, O C C, and O-C-O contributes below 950 cm-1,
the result of similar compared to previous studies (Kim et al.,
2013) . Figure 2(d) shows the morphological image of bacterial
cellulose using SEM. The micrograph results show the surface
of bacterial cellulose in the form of long fibers. This result
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Figure 6. The Morphology of Composite Materials

is also supported by previous studies that produced bacterial
cellulose in the form of fibers (Shao et al., 2016) .

3.3 Synthesis and Characterization of Composite Materials
The results of the FTIR characterization of the composite ma-
terial has been shown in the spectrum of Figure 3 which shows
a typical wave number as a mixture of bacterial cellulose and
fly ash, namely at 3354 cm-1 indicating the O H stretching vi-
bration, 2888 cm-1 is the C H alkane functional group, 1644
cm-1 and 1031 cm-1 are the C O functional groups. The wave
number is the wave number of bacterial cellulose. The charac-
ter of wave numbers for composite membranes is on the broad
band in an area of about 1091 cm-1, most prominent in the in-
frared spectrum, according to the asymmetrical internal stretch
of the vibration band SiO2 or Al2O3 which is the main com-
ponent of FA. While the small bands observed around 1223
cm-1 are for asymmetric external vibration bands of SiO2 or
Al2O3. The band area around 792 cm-1 and 600 cm-1 caused
by symmetrical stretches of SiO2 or Al2O3 and vibrations of
each double ring. The small bands observed at about 600 cm-1

represent a bending mode for Si O Si. These wave numbers
that have been produced are in line with the research results

that have been reported (Gupta et al., 2020) .
XRD characterization produces a diffractogram in Figure 4

which shows 2𝜃 at 14.8◦, 16.9◦, 22.9◦, 32.3◦, 46.2◦ which are
characteristic of cellulose and 2𝜃 at 18.5◦, 27.3◦, 29.3◦, 34.4◦,
45.1◦, 52.7◦, 57.7◦ which are typical of FA (Segneanu et al.,
2022) . In the 2𝜃 area at 22.9◦ shows an increase in intensity
along with changes in the percentage of the composite made.
The more FA is mixed, the higher the intensity of the XRD
spectrum obtained. The difference in the intensity of crystal
formation is caused by the different number of fields created
in each sample, so that the amount of light reflected from
the crystal field will also be different. Samples that have high
intensity so that the resulting crystallinity will also be higher
due to the high reflectivity of the light produced (Mubarak,
2023) . Higher crystallinity in cellulose results in increased
mechanical properties such as strength, stiffness, density, and
hardness (Marino et al., 2015) .

Figure 5 shows that the addition of fly ash to bacterial cel-
lulose does not show any spectrum in the Raman shift other
than the shift from cellulose. However, the addition of FA has
an activity that causes different cellulose intensities. This is
because in the composite, variations in composition, such as

© 2025 The Authors. Page 557 of 561



Yuliah et. al. Science and Technology Indonesia, 10 (2025) 552-561

changes in the ratio of fiber and matrix or the use of differ-
ent types of fibers (Bokobza et al., 2017) . From the Raman
spectrum, there is not much change in the Raman shift, but
there are several parts that show the phenomenon of composite
formation, it has been revealed by researchers that it is possible
to quantify the distribution and mixing of cellulose in matrix
composites. The Raman shifts at 990-1020 cm-1 are related
to C OH out of plane bending and the C O stretching, and
region 1326 cm-1 show that corresponds to CH and OH wag-
ging. For area 1460-1400 indicating to C C stretching, and
CH and OH wagging. The tangential modes are the most in-
tensive high-energy modes of composite materials and form
the so-called G-band, which is typically observed at around
1600 cm-1. For this mode, the atomic displacements occur
along the cicumferential direction.

Figure 7. The Conductivity of Composite Materials at
Temperatures of 30°C, 60°C and 90°C

The Raman shifts at 3100-2900 cm-1 are region for CH
stretching vibrations. Raman spectroscopy has been utilized
to study the process by which stress is transferred from the
matrix to the CNs in the composites. According to reports, the
cellulose band at 1095 cm-1 changes to lower frequencies when
subjected to mechanical stress (Agarwal, 2019) . Researchers
have used this distinctive Raman band to examine the factors
that affect stress transfer in different composite materials. Pre-
vious studies have shown that natural cellulose fibers have a
well-defined Raman peak at 1095 cm-1, which is associated
with the C O ring stretching. In the 1010-1095 cm-1 region,
it generally shows weak Si O Si. Therefore, only a relatively
narrow region between 1050 and 1150 cm-1 was monitored
in their study (Rusli et al., 2010) .

Figure 6 explains the morphology of the cellulose com-
posite with FA obtained, a (0.005:4.995); b (0.01:4.99); c
(0.015:4.985) and d (0.02:4.98). From the image, it has shown
that at a magnification of 10000× it produces a morphology in
the form of fibers accompanied by spheres. The fiber morphol-
ogy is an image of cellulose while other forms are FA. Mass

Figure 8. Methanol Permeability of Composite Materials

variations affect the number of other forms produced in the
morphology of the FA cellulose composite. It can be seen in
Figure 6 that with a variation of 0.02 FA, other forms are more
collected in the fibers than cellulose. This also happened in pre-
vious studies in the application of nanocellulose in cementitious
materials (Aofei et al., 2020) .

Figure 7 shows the conductivity of the composite material.
Conductivity is the ability to conduct charge in a material. Con-
ductivity measurements were carried out using a composite
material film such as a 1×1 cm membrane. The composite
material was prepared by heating it at temperatures of 30◦C,
60◦C and 90◦C using a hotplate. The heated material was
then flowed with a charge through impedance. The results
obtained in the conductivity process in the composite material
were at a temperature of 30◦C, the highest conductivity was
at a variation of 0.02:4.98 which produced a conductivity of
2.45×10-1 S/cm. At temperature of 60◦C showed the high-
est conductivity occurred at a variation of 0.005:4.995 which
produced a conductivity of 6.22×10-4 S/cm and for a tempera-
ture of 90◦C the conductivity obtained is 8.91×10-4 S/cm. All
conductivities obtained from all variations and temperatures
show that they are still below the order of 10-2 S/cm. The
delivery mechanism is still influenced by water content, or the
mechanism that occurs is dominated by the vehicle mecha-
nism. The transport mechanisms rarely occur at temperatures
below 100◦C. This transport mechanism has been reported by
Smitha et al. (2005) . This result when compared with Nafion
117 of 0.086 S/cm then the value of cellulose composite with
FA and cellulose is still far apart. However, the addition of FA
in cellulose has an effect on the resulting conductivity.

The methanol permeability of the membrane can deter-
mine the performance of the membrane in the cell system. The
membrane used in the process of determining the methanol
permeability uses a membrane measuring 1×1 cm and 3 mL
of methanol. After standing for 5 days with weight calculations
every 24 hours, the average methanol permeability results are
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obtained which has been shown in Figure 8.
From Figure 8 explain that the type of composite mate-

rial films used affects the results of the methanol permeability
produced. It can be seen that cellulose has the smallest perme-
ability value of 2.37×10-9 mol/cm.s, while the highest perme-
ability value occurs in the 0.02:4.98 composite material films,
which is 3.66× 10-9 mol/cm.s. For the composite material
0.01:4.99 and bacterial cellulose, the methanol permeability
overlaps. The relationship between composite material films
and methanol permeability shows a graph that occurs increas-
ing along with the addition of FA to cellulose. The higher the
methanol permeability produced, the lower the efficiency of
the fuel cell membrane. This is due to the high surface strength
and rigid nature of the film, which creates cavities in the film.
This makes it more difficult for methanol to diffuse across the
film. In direct methanol fuel cells, methanol crossover remains
an unresolved issue, particularly for portable applications with
very low current densities. Polarization losses result from fuel
crossing at high methanol concentrations from the anode side
to the cathode side. Similar to Sen et al. (2008) study, the
methanol permeability of the composite membranes was as-
sessed in this work using a straightforward test cell.

Figure 9. Water Absorption Capacity of Bacterial Cellulose and
Composite Materials

Figure 9 shows the ability of the material to absorb water.
The water absorption capacity of the cellulose membrane is
measured by measuring the difference in membrane mass be-
fore and after immersion in water. The membrane used in
this process uses a 1×1 cm membrane. The water absorption
process using the membrane can be seen in Figure 9. Figure 9
shows significant and fluctuating results. When bacterial cel-
lulose is used in the water absorption process, cellulose is able
to absorb 35.12% of water. Then with the addition of FA to
cellulose, the water absorption capacity increases. However, the
0.01:4.99 membrane produces the highest water absorption
capacity reaching 718.14%. The addition of FA to cellulose-

based materials improves the hydrophilic properties of polymer
composites (Maulana et al., 2023) .

4. CONCLUSIONS

Based on the research that has been done, it can be concluded
that the composite between bacterial cellulose has been success-
fully made with fly ash (FA) with variations of 0.005:0.995;
0.01:0.99; 0.015:0.985 and 0.02:0.98. The results of the com-
posite characterization using FTIR show the character of wave
numbers for composite membranes is on the broad band in
an area of about 1091 cm-1, most prominent in the infrared
spectrum, according to the asymmetrical internal stretch of the
vibration band SiO2 or Al2O3 which is the main component of
FA and from the Raman shift, that show the phenomenon of
composite formation, it has been revealed by researchers that it
is possible to quantify the distribution and mixing of cellulose
in matrix composites. From the XRD diffractogram it has been
shown that there was an interaction between bacterial cellulose
and FA which was accompanied by an increase in spectrum
intensity. SEM morphology shows differences in the amount
of FA attached to cellulose along with the addition of FA in
cellulose. The conductivity value fluctuates, the methanol per-
meability value increases along with the addition of FA. The
highest water absorption occurs in the membrane variation of
0.01:4.99.
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